Abstract The Sanandaj-Sirjan zone of Iran is a northwest trending orogenic belt immediately north of the Zagros suture, which represents the former position of the Neotethys Ocean. The zone contains the most extensive, best preserved record of key events in the formation and evolution of the Neotethys, from its birth in Late Paleozoic time through its demise during the mid-Tertiary collision of Arabia with Eurasia. The record includes rifting of continental fragments off of the northern margin of Gondwanaland, formation of facing passive continental margins, initiation of subduction along the northern margin, and progressive development of a continental magmatic arc. The latter two of these events are critical phases of the Wilson Cycle that, elsewhere in the world, are poorly preserved in the geologic record because of superimposed events. Our new synthesis reaffirms the similarity between this zone and various terranes to the north in Central Iran. Late Paleozoic rifting, preserved as A-type granites and accelerated subsidence, was followed by a phase of pronounced subsidence and shallow marine sedimentation in Permian through Triassic time, marking the formation and evolution of passive margins on both sides of the suture. Subduction and arc magmatism began in latest Triassic/Early Jurassic time, culminating at~170 Ma. The extinction of arc magmatism in this zone, and its shift northeastward to form the subparallel Urumieh-Dokhtar arc, occurred diachronously along strike, in Late Cretaceous or Paleogene time. Post-Cretaceous uplift transformed the zone from a primarily marine borderland into a marine archipelago that persisted until mid-Tertiary time.
Introduction
The Sanandaj-Sirjan zone is a region of polyphase deformation on the southwestern margin of Eurasia. It fringes Central Iran and is juxtaposed against the Arabian subcontinent (Zagros Mountains) along the Main Zagros thrust, hereafter "MZT" (Figure 1 ) [Stöcklin, 1968; Takin, 1972] . Its boundaries on either side are marked with discontinuously preserved ophiolites including the following: (1) the Neyriz-Kermanshah ophiolite (also known as the "outer belt") situated on the northern edge of the Zagros Mountains and (2) the Khoy and Nain-Baft ophiolite complexes to the northeast (part of the "inner belt" ophiolites) [Stöcklin, 1981] ( Figure 1 ). The ophiolites are interposed with various tectonic elements of continental affinity within the broader Arabian-Eurasian collision zone, including the Alborz Mountains, Central Iran, central-east Iranian microplate (CEIM), and the Sanandaj-Sirjan zone to the north of the MZT, and the Zagros fold-thrust belt south of it (Figure 1 ). The ophiolites are generally regarded as preserving a record of an ocean basin or basins that lay between these elements in Mesozoic through mid-Cenozoic time, as a whole referred to as the Neotethys Ocean, with the Eurasian continent to the north, and Gondwanaland to the south [e.g., Stöcklin, 1974; Sengör, 1979; Berberian and King, 1981; Stampfli and Borel, 2002; Agard et al., 2011] .
The general history of Eurasia and Gondwanaland from Permian to Recent times is defined by the rifting of continental fragments from the northern margin of Gondwanaland, and the accretion to the southern margin of Eurasia, the most salient example being the Indian subcontinent. A more subtle, early example to the west is the Cimmerian "continental ribbon," now represented by the various continental blocks in Iran north of the MZT. Cimmeria is generally thought to have separated from Gondwanaland in the Permian, forming the Neotethys Ocean [Sengör, 1979] . Most of the debate about the formation, evolution, and ultimate closure of the Neotethys Ocean therefore focuses on the geological details of both the ophiolites and the intervening continental elements in Iran.
zone, but the same abbreviation is widely used in the geodynamics literature for "Supra Subduction Zone." To avoid confusion, we instead use either the acronym "SSA," after the Mesozoic Sanandaj-Sirjan arc, or simply "the zone."
The SSA represents the "core zone" or "metamorphic core" of the Arabia-Eurasia collision zone, but the general lack of isotopic dating has been a significant impediment to understanding the evolution of the collision zone in general. In particular, the issue of whether any of the magmatism or metamorphism present in the zone is related to the collision process, as in the western Alps or Himalayas, has remained unresolved, leading some authors to speculate that the SSA originally lay to the south of, rather than north of, the main Neotethys Ocean prior to collision, representing the partially subducted leading edge of the Arabian plate, structurally beneath the inner and outer ophiolite belts [e.g., Alavi, 1994; Shafaii Moghadam and Stern, 2011] . Arc magmatism is the most distinctive component of the SSA, which includes voluminous calc-alkaline plutons and volcanic rocks, mainly of Jurassic age, which as demonstrated below culminated around 170 Ma. The Jurassic magmatism differentiates the SSA from the Zagros fold and thrust belt to the southwest, which was amagmatic during the Jurassic. It also differentiates it from various elements in Central Iran to the northeast (exclusive of the central-east Iran microplate, Figure 1 ), which contain only sparse igneous rocks of Jurassic age.
Here, we synthesize (1) extensive geological mapping of the zone, published from the early 1960s up to the present day; (2) stratigraphic data, particularly in Permain through Jurassic strata in the region; and (3) key aspects of the recent growing geochemical and geochronological database (e.g., >1100 individual zircon age determinations in igneous rocks of the SSA completed over the last decade), to systematically address a number of important questions as regards the tectonic setting of the SSA in the Neotethyan realm. We identify seven specific questions, around which current debate on the role of the SSA within the 
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Neotethyan paleogeographic realm is centered, and address each of them in the last section of the paper on the basis of our synthesis. These questions include the following: (1) What are its similarities and differences in the evolution of the SSA and various domains to the north? (2) Did the inner and outer belt ophiolites form in the same oceanic domain (relative to the SSA) or in separate domains on either side of the SSA? (3) The position of the arc-Did the SSA lie on the southern margin of the Neotethyan Ocean, or was it part of the Cimmerian continental ribbon on the northern side of the Neotethys Ocean? (4) What was the polarity of Neotethyan subduction? (5) Is there compelling evidence for rifting and the formation of a passive margin in Permian time? (6) What is the evidence for, and extent of, the development of a calc-alkaline magmatic arc subsequent to passive margin development? And (7) is metamorphism in the zone primarily the result of high heat flux during arc magmatism, or some other process? Resolution of these issues will bear on what we regard as the most fundamental question raised by the SSA: Is it among the best (if not the best) records of a transition from a passive continental margin to a continental arc?
Tectonic Setting
The SSA is the southernmost tectonostratigraphic element or terrane north of the MZT (Figure 1 ). In geographic terms, it is included in the Zagros Mountains because of similar elevations and the parallelism in the structural grain of the two belts. However, its post-Triassic geology markedly differs from the Zagros fold and thrust (ZFT) belt, as we elaborate below. The belt is about 100-150 km wide and runs parallel to the ZFT for~1500 km. Most maps delimit the SSA on the northwest in the Iran-Iraq-Turkey border region (Turkish-Iranian Plateau) and on the southeast by the east Zagros syntaxis at the Strait of Hormuz. This relatively narrow definition overlooks one of the most significant discoveries of the East Iran Project in the 1970s, which is the continuation of the SSA as an east tapering wedge or "tail" in the accretionary prism of the Makran belt, well to the east of the syntaxis [McCall and Kidd, 1982; McCall, 1985 McCall, , 2002 . The continuation of the Jurassic SSA southeast of the Strait of Hormuz into the Makran belt has more recently been confirmed with detailed field work and U/Pb geochronology on granitic and trondjemitic plutonic rocks from the Dur Kan complex, which yield ages of 175-163 Ma, with variable amounts of continental influence in the magmatic source regions [Hunziker et al., 2015] . Including the tail, the zone is more than 2000 km long (Figure 1 ), longer in dimensions than the Late Cretaceous arc in the U.S. Cordillera between southern California and the Canadian border.
Within the arc, postmagmatic episodes of both contractile and extensional tectonics are documented, and therefore, the width of the arc may have been significantly modified by these events. However, there is as yet no evidence of major (San Andreas type) strike-slip faulting or orogen-parallel strain events that would have modified its dimensions so as to omit or duplicate large (>100 km) segments of the original arc [Stöcklin and Nabavi, 1973; Berberian and King, 1981] . Significant postarc tectonic events clearly affected the northern margin of the Neotethys Ocean [Agard et al., 2011; Mohajjel and Fergusson, 2014] . For example, the possibility exists that much of the Central Iran domain (NW Iran and the central-east Iran microplate), now to its NE, was transported via large-scale left-lateral strike-slip faulting in the Cretaceous, from a position originally along orogenic strike to the SE to its current position, effectively "doubling up" the width of the arc [e.g., Sengör, 1990, Figure 6 ]. However, even in the context of this mobilistic synthesis, the SSA as presently defined in Iran is regarded as a single paleogeographic entity within the Neotethyan realm, with the approximate continuity and width of a typical modern arc Kazmin et al., 1986; Agard et al., 2006; Chiu et al., 2013] .
From latest Cretaceous time until the mid-Tertiary collision of the Arabian and Eurasian continents [McQuarrie et al., 2003 ], a major flare-up of arc magmatism affected large parts of Iran NW of the SSA, forming the Urumieh-Dokhtor arc (Figure 1 ). Peak magmatism in the arc occurred between 55 and 35 Ma and was relatively minor thereafter [Verdel et al., 2011] . The SSA lay in the fore-arc region during this time and, largely avoided magmatic or metamorphic overprint that might otherwise have occurred, had the two arcs formed in the same place.
Early estimates of crustal thickness of the Iranian Plateau beneath the SSA of up to 64 km have been interpreted to indicate a doubling of the crustal thickness from south to north across the Zagros suture [e.g., Dehghani and Makris, 1984; Giese et al., 1984, Figure 7] . More recently, several seismic imaging projects across the Zagros orogen were attempted to test the hypothesis of a thick crustal root beneath the SSA. northward thickening (maximum thickness approximately 40-50 km) under the SSA relative to the surrounding lowlands but did not rule out the possibility of localized belts with deeper roots. On the other hand, Tatar and Nasrabadi [2013] verified a Moho depth of~58 km below the NW part of the SSA. The GPS-derived velocity field suggests that at present, the SSA is moving as an internally rigid block 14 to 16 mm/yr northward relative to the Asian interior, with a modest component of counterclockwise rotation [e.g., Vernant et al., 2004; Reilinger and McClusky, 2011] .
Stratigraphic Record
Stratigraphy is the primary discriminant between the tectonic context of various crustal blocks within the Neothyan Ocean and the primary factor in the practical question of the internal coherence of any given block. We therefore briefly review the major pre-Cenozoic sequences in order to shed light on the existing controversies surrounding the tectonic setting of the zone within and along the margins of the Neotethys Ocean (Figure 2) . We also present a new, large-scale geologic map of the SSA (Figures 3  and 7) , showing the distribution of major pre-Cretacous rock units, based on a compilation of geologic mapping in the SSA. Sources for the new map include (1) 1:250,000-scale maps largely published in the mid-1980s or earlier, (2) a significant number of 1:100,000-scale maps currently being produced by the Geological Survey of Iran, supplemented by (3) more detailed studies published in journal articles and (4) by our own field observations. These maps represent the first major revision of the large-scale distribution of major pre-Cretaceous rock units in the SSA since the compilation of Haghipour and Aghanabati [1989] . Pre-Mesozoic rocks, both stratified and crystalline, are relatively sparsely exposed compared with younger formations (Figure 3 ). They are typical of other units in the north-central portion of Gondwanaland, especially pre-Permian rocks. It forms a substrate of cratonic basement upon which later passive margin and arc components of the collision zone were able to develop. It includes (1) a latest Proterozoic-Cambrian continental basement assemblage of coalesced magmatic arcs, overlain by (2) thin, concordant, disconformity-bound platform cover sequences of Paleozoic age (Figure 2 ) [Thiele et al., 1968; Stöcklin, 1968 Stöcklin, , 1974 Berberian and King, 1981; Eftekharnezhad, 2004; . The largest exposures of these rocks lie near the Mahabad-Takab and Golpaygan-Mahallat regions (Figure 3) , previously described by Eftekharnezhad [2004] and Thiele et al. [1968] . They exhibit close stratigraphic similarities, at formation scale and below, to sections located northeast of the SSA, including in the Soltanieh Mountains (NW part of the UrumiehDokhtar arc), the Alborz Mountains, and central-east Iran microplate (Figure 1 ) [Stöcklin, 1968] .
The section near Mahabad is typical (Figure 3 ): The Kahar Formation is the oldest of the unmetamorphosed rock units and consists of up to 1200 m of micaceous shales and siliceous tuffs of uncertain stratigraphic relationship with adjacent crystalline complexes, which exhibit a structural thickness of~3000 m in the Takab region [Alavi Naini et al., 1982] . These are succeeded by as much as 2200 m of a relatively undisturbed sequence consisting of shales, felsic volcanics, dolostones, cherts, and sandstones representing the rock formations from the top of the Kahar Formation through the Cambrian Lalun Formation (Figures 3 and 4 ) [Eftekharnezhad, 2004] . Equivalent strata in the Alborz Mountains Etemad-Saeed et al., 2015] have yielded detrital zircon ages from latest Neoproterozoic to Early Cambrian. The Lalun Formation is succeeded upsection by approximately 200 m of trilobite-bearing Mila Formation carbonates, shales, and sandstones. Permian marine strata unconformably overlie the Mila Formation, with a well-defined depositional contact. A similar Proterozoic-Paleozoic sequence occurs in the Golpaygan-Mahallat area, which in addition includes minor thicknesses of Carboniferous deposits (Figure 2 ) [Thiele et al., 1968] .
The most complete, unmetamorphosed Permian-Triassic sections are exposed farther SE near Shahreza (south of Esfahan) and Abadeh (Figures 2, 5e, and 5f, respectively) [e.g., Taraz, 1974; Heydari et al., 2003] . Near Abadeh, Permian strata are underlain by~400 m of Lower Carboniferous limestones and sandstones and~1300 m of Upper Carboniferous (?) sandstones, limestones, dolostones, and shales. Concordantly overlying these strata are about 1200 m of Permian reefal and biomicritic strata [Taraz, 1974] . A transgressive basal Permian limestone contains an Artinskian faunal assemblage (~276 Ma). The Permian sequence is conformably overlain by~2300 m of the Triassic limestones and dolostones [Taraz, 1974] and thus contains a valuable reference section for the Paleozoic-Mesozoic boundary [Heydari et al., 2003] .
The Permian and Triassic sequence in the SSA is largely amagmatic. However, it locally contains significant volumes of mafic to bimodal volcanics of indeterminate age, due to alteration and metamorphism of potentially dateable material. The volcanic components include, from northwest to southeast (Figures 3 and 5) , (1) bimodal metavolcanics underlying the Hamadan phyllites to the south and west of Hamadan (Figure 5c ) [Braud, 1990; Eshraghi, 1996; Jafarian and Zamani Pedram, 1999] ; (2) intermediate to mafic volcanics within pre- (Figures 3 and 7) . Pre-Jurassic structural and stratigraphic relationships are based on down-plunge projections from nearby surface exposures. Among the sedimentary rock units the basal conglomerates of Jurassic and Cretaceous sequences are highlighted because they represent important orogenic events in the evolution of the continental arc along the northern margin of the Neotethys Ocean. Section modified from Zahedi [1976] .
Tectonics
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Jurassic marbles between Golpaygan and the MZT, which have conflicting age attributions of either Permian (Figures 5d and 5e ) [e.g., Thiele et al., 1968] or Triassic [Mohajjel, 1992; Soheili et al., 1992] ; (3) submarine, bimodal lavas, and tuffs reported from the Abadeh area (Figure 5f ) [Taraz, 1974; Alric and Virlogeux, 1977] ; and (4) similar rocks of both Permian and Triassic age in the Sirjan area (Figure 5g ) [Dimitrijevic, 1973; Soffel et al., 1996] .
A salient aspect of the Permian-Triassic depositional system is that isopach maps of strata of this age define a "trough" centered on the MZT zone (Figure 6a ) [e.g., Edgell, 1977] . A stratigraphic cross section shows the general southwestward thickening of Permian and Triassic strata from the Alborz to the Zagros suture ( Figure 6b ). These strata, deposited from Artinskian to Rhaetian time, are generally conformable, shallow marine carbonates and siliciclastics [e.g., Taraz, 1974] as much as 3500 m thick. Isopachs of Permian strata show that sequences on both the Arabian platform and across the Central Iran domain show the sections thickening by nearly a factor of 3 toward the suture, from a few hundred meters thick on the north and south extremes away from the suture, to more than a kilometer in sections within 200 km of the suture (Figure 6 ). Subsidence profiles of a representative section from the Abadeh region constructed by Saidi et al. [1997] captures modest subsidence during early Permian rifting and A-type granitic magmatism, followed by stronger subsidence from mid-Permian through Triassic time, with a convex-up tectonic subsidence profile suggestive of thermal subsidence (Figure 6c ). More cratonic subsidence profiles also suggest a pulse of tectonic subsidence beginning in mid-Permian time, followed by very gentle tectonic subsidence in the Triassic. The profiles suggest that renewed rifting and subsidence may have affected the northern margin of the Neotethys Ocean in Late Triassic and Jurassic time, perhaps due to renewed rifting just prior to the onset of Jurassic magmatism (Figure 6c ).
Jurassic Strata
Jurassic strata occupy the largest surface area of bedrock outcrops in the SSA relative to those any other geologic period (Figure 7) . The mostly Lower Jurassic (Liassic) Shemshak Formation rests above a regional Stöcklin [1972] , Taraz [1974] , Edgell [1977] , Zahedi [1991] , and published maps and reports of the Geological Survey of Iran referred to in text. (c) Total and tectonic subsidence curves for the Central Alborz and Abadeh region, marking an Early Permian rift event followed by a drifting event in the Late Permian through Triassic time (adopted from Saidi et al. [1997] ).
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post-Triassic unconformity and consists mainly of dark-hued, organic-rich, immature sandstones and shales, which are locally coal-bearing [Aghanabati, 2014] (Figures 3 and 5) . A few intercalations of shallow marine strata occur in an otherwise continental (fluvial-deltaic) sequence. The Hamadan phyllites, with structural thicknesses of over 2000 m, are low greenschist facies equivalents of the Shemshak Formation (Figure 5c ) [e.g., Braud, 1978; Agard et al., 2005] . Throughout Iran, the Shemshak Formation contains volcaniclastic intercalations, and its sandstones tend to be rich in volcanic clasts. Two major distinctions exist between the SSA and the Arabian Zagros fold and thrust belt south of the MZT. The first is that south of the thrust, the Jurassic does not contain volcanic or volcaniclastic strata characteristic of the SSA (Figure 2 ). The second, described in more detail below, is that the Jurassic of the SSA was deformed and locally metamorphosed The Shemshak Formation and equivalents are in some areas succeeded by Middle to Late Jurassic siliciclastic and carbonate strata, which are most abundant to the south and the southeast of Sirjan where pelagic Calpionella-bearing limestones are also present near the top of the sequence [Dimitrijevic, 1973] . Kazmin et al. [1986] presented the first comprehensive compilation of the distribution of Jurassic calc-alkaline volcanic rocks along the SSA, with ages constrained mainly by intercalated fossil-bearing sediments. They were among the first to suggest a Japan-type island arc setting for the volcanism. Since then, radiometric dating has tended to underscore the importance of the arc, demonstrating that a number of volcanosedimentary sequences of previously unknown affinity belong to the Jurassic arc assemblage.
In detail, the volcanic intercalations in the Shemshak Formation are complex and do not simply correlate from region to region. Occurrences of Jurassic volcanics are widespread and, from northwest to southeast, have been documented in the Sanandaj, Hamadan, Esfahan, Abadeh, and Sirjan areas (Figures 3-5) . West of Hamadan, thick sequences of alternating volcanics, shales, and limestones, apparently interfingering with the Hamadan phyllites, have been mapped (Figure 5c ) [Braud, 1990] . Southwest of Esfahan, occurrences of intermediate and felsic calc-alkaline volcanics within the Jurassic sequence have been described from along the Zayandehrud River (Figure 5e ) [Zahedi, 1976 [Zahedi, , 1993 . Southeast of Abadeh, Lower Jurassic clastic sediments (Figures 5f and 7) are associated with a large area of greenschist facies metavolcanic and metasedimentary strata (Surian metamorphic complex, Table 1 ) previously believed to be Permo-Triassic or older [Taraz, 1974; Houshmandzadeh and Soheili, 1990] . However, metasandstones from this complex recently yielded U-Pb ages of 191 ± 12 Ma on detrital zircon. These data suggest an Early Jurassic or later depositional age for the sampled horizon [Mousivand et al., 2012] and increase the inventory of documented sections assigned to the Lower Jurassic arc. These authors have also suggested that the basaltic andesites have boninitic affinity. Similar to the case near Abadeh, greenschist facies rhyodacites and volcaniclastics northwest of Sirjan (Figures 5g  and 7 ) [Sabzehei et al., 1993] have yielded Middle Jurassic U-Pb zircon ages [Mousivand et al., 2011] . Northeast of Neyriz, submarine basaltic lavas occur interlayered in Jurassic flysch [Watters et al., 1970] . Southeast of Sirjan and west of Jiroft, extensive mafic lavas of submarine origin associated with sandstones and tuffs reaching thicknesses of up to 2000 m have been identified nonconformably overlying metamorphic rocks of unknown age [Grabeljsek et al., 1972; Timotijevic et al., 1972; Ghasemi et al., 2002] . In the latter region basalts and andesites are abundant, and MORB-like and island arc tholeiitic signatures have been documented [Monsef et al., 2011] . These authors have also shown that the basaltic clinopyroxenes have boninitic affinity.
Post-Jurassic Strata
Following deposition of a thin sequence of basal red beds, variable thicknesses of Barremian to Albian, Orbitolina-bearing limestones overlie the Jurassic shales and slates [e.g., Stöcklin, 1968 , Braud, 1990 Agard et al., 2005] . These carbonates form a conspicuous morphotectonic unit all along the SSA, especially along and near the MZT . The carbonates form a series of parallel ridges formed by relatively mild, upright post-Cretaceous folding, with shearing along the contact between the competent limestones and its relatively incompetent substrate. The marine transgression is locally followed by Upper Cretaceous shales. Despite this shearing, it is clear in many areas that the sub-Cretaceous unconformity is sharply angular, in contrast to other unconformities in the sequence (Figure 2 ). The fact that the Jurassic sequence in the SSA is (1) intruded by Middle and Late Jurassic plutons and (2) locally metamorphosed (Figure 4) , further contrasts the SSA with the nonvolcanic Jurassic-Cretaceous interval south of the MZT.
In the northwestern SSA, Cretaceous strata include abundant volcanics of diverse composition, from felsic to intermediate and mafic [e.g., Eftekharnezhad, 1973; Azizi and Jahangiri, 2008] . In the Sanandaj area, the volcanics occur within a thick sequence (>2000 m) of mostly shale deposits (Figure 5b ) [Stöcklin, 1968; . Across the Iraqi border, in the Shalair zone, over 1000 m of mainly felsic volcanics overlie Albian orbitolina limestones [Jassim and Goff, 2006] . In Eqlid region (south of Abadeh) andesitic basalts occur as lavas and pyroclastics within Barremian-Cenomanian limestones (Figure 5f ) [Houshmandzadeh and Soheili, 1990] . In the Sirjan-Hajiabad region extensive exposures of andesitic basalts and andesites with some dacites are interbedded with the Early Cretaceous limestones (Figure 5g) June (Dorud-Azna) [Mohajjel and Fergusson, 2000] Precambrian [Zahedi, 1993] Jurassic [Davoudian et al., 2007] 172-184 Ma(Ar-Ar white mica) [Davoudian et al., 2007] Golpaygan [Thiele et al., 1968 No data Surian (Hassanabad) and Abadeh region [Alric and Virlogeux, 1977; Houshmandzadeh and Soheili, 1990] Up to 1000 Schists, quartzites, marbles, and mafic metavolcanics Garnet, chlorite, biotite, amphibole, and epidote 191 ± 12 Ma, U-Pb zircon [Mousivand et al., 2012] No data Tootak (Kuh Sefid) + Bondono gneiss dome [Alric and Virlogeux, 1977; Houshmandzadeh and Soheili, 1990; Hosseini et al., 2012; Mousivand et al., 2012; Alizadeh et al., 2010] Intrusion Orthogneiss Biotite 514 ± 24 Ma, U-Pb zircon [Hosseini et al., 2012] 73 Ma (Ar-Ar biot) [Alizadeh et al., 2010] >4000 Marbles, graphite schists, and amphibolites Garnet, biotite, epidote, hornblende, and talc
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The Cretaceous sequence is overlain in angular unconformity by widespread, polygenic, nonmarine conglomerates of assumed Paleocene age. The Paleocene deposits are succeeded by thin Eocene clastic-carbonate sequences, mostly along the margins of relatively sparse arc magmatic centers, although thicknesses of >1000 m in local half-grabens, such as the basins in the Golpaygan-Mahallat region, are attained [Thiele et al., 1968; Tillman et al., 1981; Sheikholeslami and Zamani Pedram, 2005; Verdel et al., 2013] . However, in striking contrast to the adjoining Urumieh-Dokhtar arc in the northeast, the SSA is largely devoid of Tertiary volcanic rocks and plutons [Stöcklin, 1968] . The primary exception to this pattern is the basalts and andesites and their intrusive equivalents forming a limited arc parallel to the MZT between Sanandaj and the Iraqi border Iraq [Leterrier, 1985; Azizi et al., 2011a; Whitechurch et al., 2013] and extending northwestward into NE Iraq [Ali et al., 2013] . These magmas represent only a minor component of the SSA, especially in comparison to the voluminous magmatism of this age in the Urumieh-Dokhtar arc.
The Tertiary stratigraphy of the SSA is dominated by reefal limestones of the Oligo-Miocene Qom Formation, which occur as scattered outcrops and for the most part are concentrated along topographic lows or depressions on the northeastern border zone of the belt (e.g., the Gavkhooni and Jazmurian depressions, Figure 1 ). Thicknesses are typically 100 m, but locally >1000 m. It overlies rocks ranging in age from late Proterozoic to Eocene with a distinct unconformity at the base [e.g., Gansser, 1955] and so delimits a major period of midTertiary deformation, on a par with events that affected the region in Jura-Cretaceous time. The lower contact of the Qom Formation is diachronous. It is mostly early Miocene but may be as old as middle Oligocene in some areas [Reuter et al., 2007] . Preservation around the border zone depressions is likely due to their subsidence although in the highs to the northwest of Jiroft a massive (~15 km by 15 km) outcrop unconformably overlies the deeply dissected Jurassic-Cretaceous volcano-sedimentary strata and the Jurassic Sargaz granite [Timotijevic et al., 1972; Chiu et al., 2013] . To the south of Sanandaj, in the northwestern segment of the arc, the Qom Formation and related deposits unconformably overlie Eocene marine strata and volcanics intruded by Eocene-Oligocene gabbros described further below [Braud, 1978; Whitechurch et al., 2013] . Occurrences generally decline inward from the northern border zone but increase again toward the southern border (MZT), apparently reflecting the waning Tethyan trench during the Arabian collision.
Succeeding the Qom Formation, middle Miocene red beds and evaporates frequently occur around the border zone depressions, which are filled with younger mudstone and evaporites that form the modern playas. Younger volcanics, ranging in age from the Miocene to Quaternary, occur as lava domes and cinder cones between the towns of Qorveh and Takab in the northwestern part of the belt ( Figure 3 ) [Boccaletti et al., 1976 
Paleomagnetism and Permian-Triassic Drift History
During Late Paleozoic to Early Jurassic time, most of what is now Iran rifted away from Gondwanaland, shrinking the Paleotethys to the north and opening the Neotethys to the south, the latter now marked by a suture zone along the MZT [Stöcklin, 1974] . Sengör [1979] used the term "Cimmerian continent" for the continental fragments drifting in between the two Tethyan oceans. This fundamental idea was largely based on the occurrence of ophiolites of different age on either side of the Cimmerian blocks. The association of the Sanandaj-Sirjan zone with the southern margin of the Cimmerian continent in Jurassic time was originally based on the contrast in Mesozoic stratigraphy and structure across the MZT, as described above (Figure 2 ). This contrast was subsequently confirmed by paleomagnetic analysis of Late Paleozoic and Mesozoic strata in the Sanandaj-Sirjan zone and areas to the north in Iran, and their comparison with data from the Zagros Mountains, showing that the two regions were thousands of kilometers apart [Soffel et al., 1996; Besse et al., 1998; Gallet et al., 2000; Muttoni et al., 2009] .
Neotethys seafloor spreading began between what are now the Zagros Mountains and the Sanandaj-Sirjan zone in the Permian, based on the formation of a passive margin preserved in the structural [Navabpour et al., 2010; Tavakoli-Shirazi et al., 2013] , stratigraphic [Berberian and King, 1981] , and igneous records and on the aforementioned paleomagnetic data [Besse et al., 1998; Muttoni et al., 2009] . Paleoinclination data north of the Zagros suture record rapid northward movement of the SanandajSirjan zone and related areas (broadly, the Cimmerian subcontinent; Figure 8 ) from 270 to 220 Ma, when it shifted from African to Eurasian paleolatitude. Pre-270 Ma continental rifting is also suggested by a U-Pb zircon age of 288 Ma from a ferroan A-type granite 50 km east of Golpaygan in the central Sanandaj-Sirjan zone ( Figures 3 and 4 ) [Alirezaei and Hassanzadeh, 2012] . As the Sanandaj-Sirjan zone pulled away from the Zagros (Africa-Arabia), carbonate platforms developed on both sides of the rift in Permian time. A massive carbonate and evaporite sequence, in excess of 2000 m thick, was deposited on the Zagros shelf [Szabo and Kheradpir, 1978] . At the same time, carbonates, shales, sandstones and, locally, volcanics were deposited in the Sanandaj-Sirjan zone. As alluded to above, they attained thicknesses of up to 3500 m and are among the few sections worldwide that conformably span the Permo-Triassic boundary [e.g., Heydari et al., 2003] . In contrast, in the Zagros Mountains, a substantial unconformity separates Permian and Triassic strata (Figure 2 ) [e.g., Szabo and Kheradpir, 1978] . In the Abadeh section, an Artinskian (Early Permian) marine fauna at the base of the synrift section and subsequent carbonate platform deposition through the remainder of the Permian [Taraz, 1974] suggest that the onset of the "drift" or seafloor spreading phase in the Neotethys Ocean occurred near the end of Artinskian time, or about 276 Ma.
In summary, these data indicate that by Late Triassic time (circa 220 Ma), the Alborz Mountains, Central Iran, and Sanandaj-Sirjan zone were close to the Eurasian margin, and about 30°north of Arabia, thus placing the main Neotethyan suture south of the SSA (Figure 8 ).
Metamorphism
It has long been noted that the Iranian collision zone does not contain an extensive, continuously exposed internal zone or "core" of collision-related metamorphic rocks [Stöcklin, 1968; Berberian and King, 1981; Mohajjel and Fergusson, 2014] , in contrast to much of the Alpine-Himalayan collision zone (and collisional orogens in general, e.g., the Pennine zone in the western Alps, the Vardar-Cyclades-Menderes metamorphic core zone of the Aegean region, or the Blue Ridge province of the southern Appalachians). The Sanandaj-Sirjan zone is perhaps the closest analog, generally regarded as the most internal, metamorphic core of the broader Asian collision zone [e.g., Yin, 2010] at the longitude of Iran. But the distribution of metamorphic rocks is relatively sparse and discontinuous, and as outlined below, much of the metamorphism predates the Arabia-Asia collision by 100 Myr or more.
Detailed understanding of the metamorphic history is accordingly fragmentary and appears to vary markedly between various isolated exposures of metamorphic rocks. Data pertaining to the metamorphic history within each of 16 major exposures of metamorphic rocks are summarized in Table 1 , from northwest to southeast. These data indicate that the metamorphic history of the SSA is protracted, complex, and probably occurred in multiple phases. In most areas, both the protolith ages and the timing of recrystallization events are poorly constrained owing to a lack of radiometric data. four metamorphic episodes in the Aligoodarz-Golpaygan region (Figure 3 ) including the following: Late Precambrian (amphibolite facies), Hercynian (greenschist), Middle Triassic (zeolite), and Late Jurassic-Late Cretaceous (low greenschist). Also, three distinct metamorphic events, ranging from high to low grades, have been suggested for pre-Cretaceous rocks in the area between Sirjan and Hajiabad in the southeastern part of the SSA [Berberian, 1977] . However, metamorphic age assignments are speculative due to sparse geochronological constraints, emphasizing a need for petrofabric studies supplemented by in situ compositional analysis and dating.
The Paleozoic-Jurassic sedimentary and volcanic succession generally displays subgreenschist to low greenschist facies metamorphism (e.g., the Hamadan phyllites). To first order, they are deformed by NW trending (orogen-parallel) flexural-slip folding and thrust faulting and are overlain in angular unconformity by unmetamorphosed Cretaceous Orbitolina-bearing limestones, similar to those exposed throughout Central Iran [e.g., Stöcklin, 1968; Agard et al., 2005] .
The volumetrically most significant exposures of low-to medium-grade metamorphism of demonstrably Jurassic sedimentary and volcanic strata occur to the east of the Jurassic batholith in the Hamadan area (Hamadan phyllites and related rocks). Metamorphism is restricted to the Buchan (or Abukuma) facies series (andalusite, sillimanite, and cordierite, among other high-temperature phases) [e.g., Baharifar et al., 2004; Agard et al., 2005; Sepahi et al., 2009; Shahbazi et al., 2010] . The high-T, low-P metamorphic conditions in this region have locally triggered migmatization [e.g., Sepahi et al., 2009] . From the petrogenesis of quartz-rich andalusite-kyanite-sillimanite veins that crosscut metapelites, pressure-temperature (P-T) paths indicate that pressure and temperature conditions appear not to have significantly exceeded the aluminum silicate triple point, i.e., 500°C and 4 kbar [Sepahi et al., 2004] .
Much younger Barrovian-type metamorphism has been identified within three isolated, areally restricted exposures in the northwest, central, and southeastern part of the SSA, at least some of which appear to have been exhumed within Cordilleran-type metamorphic core complexes of Cretaceous (?)-Paleogene age [e.g., Stockli et al., 2004; Verdel et al., 2007; . In the northwest, the Sursat complex to the west of Takab (Table 1 and Figure 4 ) consists of two-mica metapelites containing garnet, staurolite, kyanite, sillimanite, andalusite, cordierite, and actinolite, intruded by premetamorphic Pan-African granites yielding U-Pb ages circa 540 Ma [Jamshidi Badr et al., 2012] . Protoliths of this complex were first assigned to the Precambrian [Alavi Naini et al., 1982] , now supported by a U-Pb detrital zircon study of a staurolite schist that yielded a maximum depositional age of 605 ± 43 Ma for the protolith [Jamshidi Badr et al., 2010] . The same study suggests that regional metamorphism took place at 61 ± 8 Ma based on the U-Pb dating of monazite from garnet schists. The timing of monazite crystallization in these metapelites is coeval with the emplacement of the Paleocene batholiths in the same vicinity [Kholghi Khasraghi, 1999; Jamshidi Badr et al., 2012; Heidari, 2014] .
In the central SSA, north and northeast of Golpaygan, dominantly sedimentary protoliths of uncertain age now containing garnet, staurolite, kyanite, and sillimanite occur in the footwalls of Tertiary detachment faults [e.g., Moritz et al., 2006; Verdel et al., 2007 Verdel et al., , 2013 . Because these regional metamorphic rocks are found in proximity to subgreenschist Paleozoic strata as old as Cambrian, their protoliths have tentatively been assigned a Precambrian age [e.g., Thiele et al., 1968] . However, Rachidnejad-Omran et al. [2002] have called for a Palaeozoic protolith age based on uncertain fossil evidence and lithostratigraphic correlation with unmetamorphosed volcanosedimentary sequences in Central Iran. The Precambrian age assignment of the protoliths, at least in part, was confirmed by Pan-African ages obtained from granitic gneisses that intrude them . K-Ar amphibole ages of circa 180 to 150 Ma [Rachidnejad-Omran et al., 2002] suggest that metamorphism was predominantly Jurassic. A more complete set of cooling ages, including Ar-Ar amphibole and mica ages [Moritz et al., 2006] and (U-Th)/He dating of apatite and zircon [Verdel et al., 2013] suggest that cooling from amphibolite facies conditions was underway by Early Cretaceous time for at least parts of the complex (~110 Ma). However, tectonite fabrics are present in granitoids in the complex that have crystallization ages as young as Paleogene (circa 63 Ma), and cooling ages are as young as middle Eocene (circa 50-55 Ma) [Verdel et al., 2013] .
In the southeastern SSA, Barrovian-type assemblages are extensively exposed in highlands in the NeyrizSirjan-Hajiabad region that extend eastward to Jiroft (Figure 3 ) [Sabzehei et al., 1994] . Sheikholeslami et al., 2008; Fazlnia et al., 2013] . Protolith and metamorphic ages are, however, controversial (Table 1) . Some of the metamorphic rocks may be unconformably overlain by Jurassic volcanosedimentary deposits, above a basal conglomerate that putatively contains detrital Al-silicate grains [Watters et al., 1970] . Other parts of the complex yield Late Paleozoic K-Ar ages. These observations have led to the conclusion that the protoliths may include strata as young as Late Paleozoic and that the Barrovian-type metamorphism is of Triassic age [Watters et al., 1970; Berberian and King, 1981; Sabzehei et al., 1994] . However, the conglomerate itself is metamorphosed (neoform chlorite and epidote) [Watters et al., 1970] , raising the possibility that most of the metamorphism postdates the Jurassic volcanosedimentary deposits. Further, an orthogneiss within the metamorphic package yielded a 520 Ma U-Pb zircon age, suggesting that the protolith country rock is Lower Cambrian or older [Sheikholeslami et al., 2008] . Therefore, as is the case at Golpaygan, the protolith age of these high-T-P rocks could be entirely Precambrian [e.g., Stöcklin, 1968] ( Table 1) , overprinted by Jurassic or younger metamorphic events. More recent relevant observations in the region include the following: (1) low-pressure felsic metavolcanic rocks that occur along the faultbounded northern margin of the complex contain middle Jurassic magmatic zircons [Mousivand et al., 2011] (Table 1) ; (2) Buchan-type metamorphism is spatially associated with the large Chah Dozdan and Siahkuh Jurassic batholiths (Table 3 ) [Fazlnia et al., 2007 [Fazlnia et al., , 2009 [Fazlnia et al., , 2013 ; and (3) metapelite xenoliths in the Chah Dozdan batholith yielded a U-Th-total Pb monazite age of 180 ± 21 Ma [Fazlnia et al., 2007] . These data may be most simply explained by a high-T metamorphic event of Jurassic age, in contrast to the more complex three-event history inferred from clusters of K-Ar ages by Sheikholeslami et al. [2008] (mid-Triassic, Early Jurassic, and Late Cretaceous). Farther SE, various schists of unknown protolith age lie unconformably (?) beneath Jurassic strata to the west of Jiroft [e.g., Dimitrijevic, 1973] .
Exposures of high-P, low-T rocks are even more localized. Blueschist facies rocks are preserved in tectonic slivers underplating the SSA along the MZT zone south of Sirjan, in association with regional colored mélange [Haynes and Reynolds, 1980; Berberian and King, 1981] . Ar-Ar phengite ages of 85-95 Ma suggest when these rocks cooled below 375°C by exhumation in the subduction channel and that this event broadly coincides with Cretaceous colored mélange accretion in the overriding plate of the present-day collisional setting [Agard et al., 2006] . It is noteworthy that this is the only documented example of an accretionary complex related to the subduction at the southern margin of the SSA. The juxtaposition of blueschist facies rocks in the south Sirjan-Hajiabad region at the rear of the Zagros suture with the Barrovian-and Buchan-type assemblages farther north in the Neyriz-Sirjan area is reminiscent of the Sanbagawa-Abukuma paired metamorphic belt of Japan [e.g., Miyashiro, 1973] , although the Barrovian-type assemblages are more pronounced in the case of the southeastern SSA.
Within exposures of Barrovian-series metamorphic rock in the central SSA west of Esfahan (Figure 4) , selvages of eclogite facies rocks that yield middle Jurassic white mica cooling ages were discovered within one of these metamorphic complexes [Davoudian et al., 2007] . These ages have led to a new hypothesis that an arc-parallel oceanic basin was present within the SSA in the Jurassic [Davoudian et al., 2007; Arfania and Shahriari, 2009] . However, parts of the same crystalline terrain appear to be nonconformably overlain by unmetamorphosed Jurassic strata less than 10 km away [Zahedi, 1993] , and the age of both protoliths and eclogite-facies metamorphism is unconstrained.
Plutonism
For the first time, crystallization ages for intrusive rocks have become widely available over the last decade, allowing a much more detailed depiction of the "tectonoplutonic episodes" of the zone originally proposed in the pioneering paper by . In general, magmatism provides an independent window into the development of its cratonic basement, the Neotethyan passive margin, and the subsequent conversion from passive margin to subduction zone in Early Mesozoic time. Plutonic activity in the SSA spans at least half a billion years and has been highly variable in composition, time, and space. Despite this long and complex history, the most dominant episode is the Jurassic event that forms the SSA.
We have compiled the basic age and compositional data on >60 plutonic centers, which range in age from late Proterozoic to late Miocene (Tables 2 and 3 and 38-40 K-Ar [Braud, 1990] 27 K-Ar biot [Whitechurch et al., 2013] 34 Rb-Sr [Leterrier, 1985] Gamasiab [Sabzehei et al., 1994] No data 253 and 256 K-Ar amph [Ghasemi et al., 2002] a Some of the dates in this column are older than the crystallization ages due to excess argon (K-Ar dates) or large error margins (Sm-Nd and Rb-Sr dates). 61-65 K-Ar biot [Braud, 1990] 82 K-Ar biot 65 and 200 Rb-Sr biot [Valizadeh and Cantagrel, 1975] 62-102 K-Ar biot [Valizadeh and Cantagrel, 1975 79 and 89 Rb-Sr biot [Valizadeh and Cantagrel, 1975] 89 K-Ar biot [Valizadeh and Cantagrel, 1975] Pegmatite No data 104 Rb-Sr musc [Valizadeh and Cantagrel, 1975] 83 K-Ar musc [Valizadeh and Cantagrel, 1975 (Tables 2 and 3 and Figure 9 ). As noted in section 3, there are locally significant mafic and bimodal volcanics within Late Triassic strata, but as yet there are no known plutons or radiometric ages from this magmatic event.
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Pre-Jurassic Plutons
The SSA includes numerous Pan-African-type late Proterozoic-Early Cambrian calc-alkaline granitoids, with published crystallization ages ranging from circa 630 to 514 Ma. . From a magmatic perspective, the prearc crystalline basement of the SSA exhibits similarity with Central Iran and the rest of the country, except for the Kopet Dagh belt of the pre-Norian Eurasian margin in NE Iran (Figure 1 ), which does not expose any Pan-African rocks. More intrusives with Pan-African ages will likely be revealed by ongoing dating efforts. Inherited zircons of this age are ubiquitous in many of the younger plutons, signaling the presence of basement rocks with Arabian affinity in the subsurface that are considerably more extensive than surface outcrops would suggest (Figures 3 and 9b) [e.g., Mazhari et al., 2011a Mazhari et al., , 2011b Chiu et al., 2013] . Whereas all of the major tectonic components (except for the ophiolites) of Iran contains exposures of Pan-African crystalline rocks, the succeeding plutonic episodes in Late CarboniferousEarly Permian and Jurassic time appear to be restricted to the SSA, markedly distinguishing it from the other components.
The subsequent Late Carboniferous-Early Permian event is relatively sparsely exposed, consisting of only four plutonic centers known thus far. In the central SSA, the Hasan Robat pluton, 50 km east of Golpaygan, yielded a U-Pb zircon age of 288 Ma and is a ferroan A-type rift-related granite [Alirezaei and Hassanzadeh, 2012] . The second example is the NW Azna metagabbro at about 100 km west of Golpaygan with U-Pb zircon age of circa 315 Ma (Figure 3 ) [Shakerardakani et al., 2015] . In the NW part of the SSA, about 1000 km NW of Golpaygan near Mahabad, a fluorite-bearing A-type granite has a U-Pb zircon age of 314 Ma [Bea et al., 2011] . A fourth example of A-type granitoids occurs still farther NW, about 70 km north of Urumieh, and yields a U-Pb zircon age of circa 320 Ma [Shafaii Moghadam et al., 2015] (Table 2 and Figure 3 ). As noted above, plutonic suites with later Permian or Triassic crystallization ages have not yet been reported, but inherited zircons with this age range occur within the Jurassic granitoids, suggesting that there may be unexposed igneous bodies of that age at depth [Shahbazi et al., 2010; Ahadnejad et al., 2011; Mahmoudi et al., 2011; Esna-Ashari et al., 2012; Chiu et al., 2013] (Figure 9b ).
Jurassic Plutons
In contrast to the limited exposures of any plutons of Middle Cambrian through Triassic age, Jurassic intrusives are ubiquitous, [Sabzehei et al., 1994] No data 220 K-Ar amph [Ghasemi et al., 2002] Sargaz, NW Jiroft
Granite
Middle Jurassic 175 ± 2 [Chiu et al., 2013] No data
Remeshk-Ramak (Fannuj, north Makran)
GraniteDiorite, trondhjemite, and plagiogranite
Pre Cretaceous-Paleocene [McCall, 1985] 170 ± 1 to 176 ± 1 [Hunziker et al., 2015] 153 ± 1 to 166 ± 1 [Hunziker et al., 2015] 140-133 [Hunziker et al., 2015] a Some of the dates in this column are older than the crystallization ages due to excess argon (K-Ar and Ar-Ar dates) or large error margins (Sm-Nd and Rb-Sr dates).
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with reliable crystallization ages as old as circa 187 Ma, and a pronounced age peak near 170 Ma (Figures 7 and 9  and Table 3 ). Typically intruding Jurassic volcanosedimentary strata, the SSA plutonic core comprises a 30 to 50 km wide belt of irregularly spaced granitoid stocks and batholiths (Figure 7) , variably accompanied by smaller volume diorites, gabbros, and locally, pyroxenite cumulates (Table 3) . Owing to deuteric alteration, arc plutonism has been more extensively studied than the volcanics, and therefore, a relatively rich age and geochemical database is emerging for the SSA granitoids. Data on 22 plutonic centers with definite or likely Jurassic ages are assembled in Table 3 . A broad range of K-Ar and Rb-Sr cooling ages, mostly ranging from Cretaceous to Paleocene, had previously been assumed to be crystallization ages for a number of these plutonic centers [e.g., Valizadeh and Cantagrel, 1975; Braud, 1990] , but U-Pb zircon ages published over the last decade show that the plutons dated thus far were emplaced almost entirely during Jurassic to Early Cretaceous time (circa 187 to 97 Ma) [AhmadiKhalaji et al., 2007; Fazlnia et al., 2007 Fazlnia et al., , 2009 Fazlnia et al., , 2013 Shahbazi et al., 2010; Ahadnejad et al., 2011; Mahmoudi et al., 2011; Azizi et al., 2011b; Esna-Ashari et al., 2012; Hosseini et al., 2012; Chiu et al., 2013; Hunziker et al., 2015] . Whole-rock major and trace element compositions of many of these plutons have been presented in a number of recent publications and reveal calc-alkaline affinity and arc-related geochemical signatures [Arvin et al., 2007; Ahmadi-Khalaji et al., 2007; Fazlnia et al., 2009 Fazlnia et al., , 2013 Shahbazi et al., 2010; Ahadnejad et al., 2011; Mahmoudi et al., 2011; Esna-Ashari et al., 2012; Hunziker et al., 2015] . While the majority of the granitoids are I-type, some A-type examples have been identified throughout the zone [e.g., Sarjoughian et al., 2015, and references therein] . The more deeply eroded plutonic systems (e.g., in the Alvand batholith in the Hamadan region and the Aligoodarz batholith) expose mafic bodies of the same age that have been interpreted either as cognate cumulates [Shahbazi et al., 2010; Esna-Ashari et al., 2011] or as separate magmas [Ghalamghash et al., 2009a [Ghalamghash et al., , 2009b .
Post-Jurassic Plutons
Cretaceous intrusives are relatively limited in area, in contrast to the much broader distribution of Jurassic plutons (Table 2 and Figure 7) . Three plutonic centers with Early Cretaceous crystallization ages are known from the Qori metamorphic complex east of Neyriz [Fazlnia et al., 2009] , the Suffiabad area east of Sanandaj [Azizi et al., 2011b] , and from the Qorveh area, between Sanandaj and Hamadan [Mahmoudi et al., 2011] . In the Makran segment of the SSA SE of the Strait of Hormuz, tectonized Jurassic granitoids as young as 153 Ma are cut by E-W trending diabase dikes and are unconformably overlain by Valanginian (140-133 Ma) alkaline lavas and sediments. They are thus either latest Jurassic or earliest Cretaceous in age [Hunziker et al., 2015] .
Late Cretaceous granitoids are only common in the northwestern segment of the SSA. Examples include the Hasan Salary granodiorite, south of Saqqez [Mahmoudi et al., 2011] , and the Naqadeh gabbrodiorite, northwest of Mahabad (Figure 7 ) [Mazhari et al., 2011a [Mazhari et al., , 2011b . Farther northwest, a group of shallow plutons to [Ghalamghash et al., 2009a [Ghalamghash et al., , 2009b (Table 2 ). In the northernmost SSA near Salmas, mafic to intermediate and felsic plutons intrude Early Cretaceous strata, are overlain by early Tertiary strata, and are presumably Late Cretaceous in age but are as yet undated radiometrically [Ghaffari et al., 2013] .
Tertiary magmatism in the SSA is minor, except for Paleocene-Eocene plutonism in the NW segment (Table 2 and Figure 7) . Paleocene granodiorites include one body to the south of Saqqez [Mahmoudi et al., 2011] and several large bodies in the Mahabad-Takab region and south of Khoy [Ghorashi and Arshadi, 1978; Kholghi Khasraghi, 1999; Eftekharnezhad, 2004; Jamshidi Badr et al., 2012; Heidari, 2014] . Bimodal Paleocene plutonism has been reported to occur to the north of Golpaygan based on K-Ar [Rachidnejad-Omran et al., 2002] and ArAr ages [Moritz et al., 2006] . Plutons of Eocene age include (1) the Gosheh-Tavandasht quartz monzodiorite, located about 350 km SE of Hamadan [Mahmoudi et al., 2011] , (2) the Piranshahr massif west of Mahabad [Mazhari et al., 2009] , and (3) the Taa-Baysaran [Azizi et al., 2011a] and Marivan [Sepahi et al., 2014] granitoids west of Sanandaj. Several gabbro bodies were emplaced near the Zagros suture in the Late Eocene [Leterrier, 10.1002 10. /2015TC003926 1985 Agard et al., 2005] . Neogene granitoids are rare in the SSA, and the only well-documented example so far is the Sari Gunay epizonal intrusive system (circa 11-12 Ma), which cuts a latitic to trachytic volcanic complex of the same age, located~60 km northwest of the city of Hamadan [Richards et al., 2006] . From this magmatic center a chain of cinder cones, lava domes, and subvolcanic plugs of Miocene-Quaternary age spreads northwestward for about 200 km (see section 3).
Discussion
Reexamination of the current knowledge about the SSA bears on a number of long-debated issues outlined in section 1, perhaps most importantly the question of a north versus south position of the SSA with respect to the Neotethys Ocean in Permian-Triassic time, and the nature and evolution of the arc in post-Triassic time, in particular the subduction kinematics of the Neotethyan oceanic lithosphere. Any paleogeographic model of the SSA hinges critically on interpretations of the origin of its bounding ophiolite bodies, which are primarily younger in age than the main period of arc magmatism, and as such represents a "tectonic overprint" of the arc. Hence, we begin our discussion by outlining the history and origin of these bodies and their implications for the paleogeography of the SSA and then address issues related to the evolution of the arc in Late Paleozoic and Early Mesozoic time.
Ophiolites
Tethyan ophiolites discontinuously mark the boundaries of the SSA, with the Zagros fold-thrust belt to the SW and the Urumieh-Dokhtar arc in the NE, in the form of outer belt and inner belt ophiolites, respectively (Figure 1) [e.g., Stöcklin, 1981] . The outer belt includes coherent, "Oman-like" ophiolites, whereas the inner belt comprises highly fragmented ophiolitic mélanges, also referred to as "colored mélange" [e.g., Ricou, 1970; Stöcklin, 1974] . The longstanding enigma of the two belts is that on the one hand, igneous components (gabbro plutons, dikes, etc.) in the two belts are restricted to a narrow age span in mid-Cretaceous time (circa 92-102 Ma). On the other hand, although sedimentary components of the inner belt, colored mélange is restricted to mid-Cretaceous age, outer belt sedimentary ages range from Triassic to Cretaceous [e.g., Davoudzadeh, 1972; Ricou, 1970; Braud, 1990] .
Despite the marked contrast in sedimentary age range of the inner and outer belts, some workers have correlated the two belts, suggesting that the Zagros ophiolites formed in the inner belt position, northeast of the SSA, and reached their present positions between the SSA and the edge of the Arabian plate by large-scale, SE-directed overthrusting (Figures 10a and 10b ). This hypothesis implies that the SSA originally lay adjacent to the Arabian plate along the southern margin of the Neotethys Ocean [e.g., Pamic et al., 1979; Alavi, 1980 Alavi, , 1994 . Taking the hypothesis a step further, Shafaii Moghadam and Stern [2011] suggested that subduction initiation in the Neotethys Ocean occurred within the Urumieh-Dokhtar arc, rather than within the SSA. In their model, the entire SSA was a fragment along the NE margin of Arabia partially subducted toward the NE, underneath a contiguous sheet of inner belt and outer belt ophiolites, and then reexhumed, preserving outer belt ophiolites as klippe along its SW margin.
These hypotheses are perhaps best evaluated by a comparison of sea-floor spreading histories implied by these ophiolites. Ophiolites may represent the crust and upper mantle in either open oceans or small marginal basins, and the first-order guide to distinguishing the two stems from the type of the associated sediments, not their magmatic components [e.g., Robertson, 2002] . Marginal basins are generally narrow and short-lived, and their proximity to surrounding high-standing lithosphere inhibits the development of typical abyssal plain deposits such as radiolarian chert and red clays, in favor of spicular chert and turbiditic sedimentation. The Oman ophiolite, which together with the Zagros outer belt ophiolites form "Le croissant ophiolitique peri-Arabe" of Ricou [1970] is so radiolarite-rich that it is also referred to as an "ophiolite-radiolarite belt" [Alleman and Peters, 1972] . The Pichakun radiolarite series and Bakhtegan beds in the Neyriz ophiolite (Figure 1) is an age equivalent of the Late Triassic-Late Cretaceous Hawasina nappe complex of deep-sea sediments in Oman, which reaches structural thicknesses of over 2 km [Ricou, 1970; Hallam, 1976; Robin et al., 2010] . Analogous to the Pichakun Series, the Kermanshah radiolarites (Figure 1 ) constitute a structurally thick (>3000 m) nappe complex, repeating the same stratigraphically thin (<300 m) but temporally complete sequence of Triassic-Cretaceous deepwater units [Braud, 1978; Gharib and De Wever, 2010] . The long (>130 Myr) duration of deepwater sedimentation suggested by the Oman-Zagros radiolarites indicate In contrast to the outer belt ophiolites, the volumetrically minor radiolarites in the inner belt ophiolites are restricted in age to the mid-Cretaceous. Dated components of the colored mélange radiolarites include lowermost Coniacian strata in the Khoy area [Pessagno et al., 2005] , Aptian-Albian in the Gazik area, East Iran [Babazadeh and De Wever, 2004] , Albian-Cenomanian in the Birjand area, East Iran [Babazadeh, 2007] , and mid-Albian and Turonian in the Ashin area north of Nain [Shirdashtzadeh et al., 2015] . Radiolarian ages are not available for the Nain-Dehshir-Shahrebabak-Baft chain of ophiolites, but they are also probably Cretaceous based on the presence of Late Cretaceous fossils in associated pelagic limestones [e.g., Davoudzadeh, 1972; Stöcklin, 1981] . Therefore, small volume radiolarites in the inner belt ophiolites and their relatively short depositional time spans support formation of the colored mélange in short-lived, narrow, embryonic marginal basins (Figure 10c ). We therefore interpret the inner belt ophiolitic assemblages as distinct from the outer belt or Zagros ophiolites, which clearly formed in an open ocean with a long history of seafloor spreading.
North Versus South Tethyan Position of the Sanandaj-Sirjan Zone
Although most geologists who have worked in Iran regard the SSA as having developed on the northern margin of the Neotethys Ocean [e.g., Stöcklin, 1968 Stöcklin, , 1974 Takin, 1972; Berberian and King, 1981; Tillman et al., 1981; Dercourt et al., 1986; Agard et al., 2005; Ghasemi and Talbot, 2006; Mohajjel and Fergusson, 2014] , as alluded to above there are models which place the zone together with the Zagros domain along the southern margin of the Neotethys Ocean [e.g., Alavi, 1994] . Reexamination of these models is informative in that almost all models draw a contrast between the complexity of Mesozoic stratigraphy and structure of the SSA, versus the relative simplicity of the neighboring Zagros fold-thrust belt. Indeed, this contrast inspired early workers to name the SSA "the Complex Belt" [e.g., Harrison, 1968] . The relative complexity of the SSA stems partly from the presence of ophiolites along its margins (Figure 1) but also from the presence of unconformities and volcanic rocks in late Paleozoic and Mesozoic successions, and extensive metamorphism and plutonism of diverse age, none of which is observed in the Zagros fold and thrust belt.
In an initial version of a model that excludes Neotethyan subduction underneath the SSA, the SSA is interpreted as "relict Mesozoic oceanic crust overthrust by metamorphic rocks," transported from the northeast [Adib, 1978; Pamic et al., 1979, Figures 2 and 3] . According to this model, the SSA was attached to the Zagros (i.e., the Arabian subcontinent) throughout the history of the Neotethys Ocean. Subsequently, Alavi [1980] reiterated that the MZT cannot represent the Arabia-Eurasia suture and proposed that the calc-alkaline Urumieh-Dokhtar magmatic belt of Late Cretaceous-Tertiary age overlies the ancient southwestern margin of the Eurasian continent, which excludes the SSA. However, he modified the Pamic et al. [1979] model by considering the SSA as underlain by a continental crust, rather than oceanic crust. Alavi and Mahdavi [1994] revisited the controversy on the location of the Gondwanaland-Asia suture by asserting that similar rock formations occur across the MZT in the Nahavand region (west of Hamadan, Figure 3) . However, the fault between these exposures is not the MZT, but rather the Main Recent fault, which cuts across the sinuous trace of the MZT in this area, such that both of these sections are in fact part of the Arabian plate.
Alavi [1994, Figure 2 ] presented details in regard to his southwestward overthrusting model, suggesting that the "autochthonous" (i.e., Arabian) part of the SSA is restricted to the passive margin sediments of Permain and Triassic age (Figure 10a) . He presumed that all metamorphic units and volcanic-bearing post-Triassic strata, including the Hamadan phyllites, are "allochthonous." The stratigraphic and intrusive superposition of the extensive calc-alkaline Jurassic volcanics and intrusives of the SSA with pre-Jurassic rocks, including intrusive relationships of arc batholiths into the pre-Jurassic substrate (e.g., Figure 4) , and stratigraphic and structural continuity across the Triassic-Jurassic boundary reported in many previous studies [e.g., Zahedi, 1976; Kazmin et al., 1986] are not accounted for in the model. Alavi [1994] also suggested that the thick crust and relatively high mean elevation of the SSA were caused by south directed imbrication of up to 15 km of nappes composed of fragments of the Cretaceous and younger arc (Figure 10a Figure 2b ], which also equates the Nain-Baft and Neyriz-Kermanshah ophiolites, suggests that both ophiolitic belts initially formed together in a fore-arc setting to the north of the SSA and were later transported tectonically onto the Arabian plate, as mentioned above (Figure 10b) . The thrusting in their model must have happened before the Late Cretaceous to allow (1) shedding ophiolitic detritus into the Late Cretaceous-Eocene foreland basins along the high Zagros (in the Amiran, Kashkan, and Sachun Formations) [Saura et al., 2011; Allen and Talebian, 2011] and (2) unconformable onlap of the ophiolite by Late Cretaceous marine sediments (e.g., Tarbur Formation at Neyriz) [e.g., Hallam, 1976] . The model thus requires closing of the Zagros-Central Iran oceanic gap by the Late Cretaceous. According to Shafaii Moghadam and Stern [2011] , the SSA comprises exhumed, offscraped sediments of the Arabian plate, which now define an anticlinorium structurally beneath the fore-arc ophiolites preserved along its margins.
The interpretation of Shafaii Moghadam and Stern [2011] and similar models has little explanatory power in regard to the primary geological features observed in the SSA, including (1) extensive, structurally thick exposures of Pan-African crystalline basement; (2) the latitudinal history of the SSA relative to Arabia and Eurasia defined paleomagnetically; (3) the Permian-Triassic passive margin sediments; (4) the overlying Jurassic volcanics; (5) the chain of calc-alkaline Jurassic granitoids; and (6) the widespread preservation of unmetamophosed and low-P metamorphic rocks. This model views the SSA as tectonic sliver along the leading edge of the Arabian plate that was partially subducted and then returned to the surface in a subduction channel, in a mode we would liken to the analog models of Chemenda et al. [1996 Chemenda et al. [ , 2000 to describe the evolution of high-pressure assemblages in the Oman Mountains, Himalaya, and other belts. To the contrary, we stress the lack of any evidence for even low-temperature metamorphism characteristic of subduction channels (lawsonite, carpholite, and glaucophane-bearing assemblages) in stratigraphic successions typical of the SSA (Figures 4 and 5 ). As noted above, evidence for higher-temperature subduction channel facies (jadeite, ompahcite, etc.) are also wholly lacking, with the lone exception of the Shahrekord area eclogites which are likely Pan-African, and the Hajiabad blueschists and similar rocks. The latter, although Late Cretaceous in age, are thin tectonic slivers associated with outer belt ophiolitic masses along the Main Zagros suture zone, and most likely developed in a subduction channel structurally beneath the SSA, not above it. These metamorphic assemblages do not affect archetypal sediments of the SSA. Moreover, the model claims that initiation of Neotethyan subduction could not have occurred earlier than Late Cretaceous time, in contradiction to the voluminous calc-alkaline arc magmatism of Jurassic age described in section 6. Yet a different model considers existence of two Neotethys Oceans [Glennie, 2000] . According to this model, Neotethys 1 had been created by the rifting of the Cimmerian continental ribbon from Arabia in the Late Permian, and Neotethys 2 had formed in the Late Triassic by separating the Sanandaj-Sirjan zone from Central Iran. The idea of Neotethys 2 obviously infers that the inner-belt Khoy and Nain-Baft ophiolites are remnants of a continuous Neotethys 2 ocean. However, in the 1000 km gap between these two inner-belt ophiolites, there are no suture markers (Figure 1) , and a stratigraphic gradation between the SSA and Central Iran is apparent anywhere that the border zone is not covered by the younger sediments. These patterns suggest that the putative "Neotethys 2" was not a through-going ocean analogous to Neotethys 1 but was instead a series of marginal basins (shown schematically in Figure 8e ). As noted in the previous section, oceanic sediments older than Late Cretaceous are absent from those ophiolites. Therefore, it is more reasonable to view the Neotethys 2 as discontinuous, short-lived suprasubduction extensional basins along the northeastern margin of the SSA (Figure 8e ). Ghasemi and Talbot [2006] viewed the gap between the two ophiolites as a temporary northwestward extension (or a failed rift arm) of a Cretaceous Nain-Baft Ocean.
Polarity of Subduction
North dipping subduction of Neotethyan oceanic lithosphere, as a general explanation of the JurassicTertiary calc-alkaline magmatism along the SSA and Urumieh-Dokhtar zone seems to be robust. However, south dipping subduction of the Paleotethys oceanic lithosphere from the north, in latest Triassic-Early Jurassic time, has also been proposed [Sengör, 1979, Figure 2; Sengör et al., 1993] . The primary motivation for assuming a south dipping subduction zone is to provide a mechanism for the opening of the Neotethys Ocean as a back-arc basin over an earlier subduction zone. However, this explanation faces timing problems: (1) closure of the Paleotethys was already completed in the Late Triassic [e.g., Horton et al., 2008] and (2) and therefore, magmatism of Late Triassic or Early Jurassic age within the SSA is too young to be caused by southward subduction of Paleotethyan lithosphere. The other motivation for proposing south dipping subduction is to explain widespread pre-Shemshak tectonic deformation and the folding of Barrovian metamorphic rocks in the southeastern SSA as a consequence of Late Triassic-Early Jurassic collision of the northern margin of the Cimmerian continent with Asia [Sengör, 1979; Sengör et al., 1993] . Attributing those features to the closing of Paleotethys does not explain why the most intense tectonic deformation and metamorphism are on the southern margin of the Cimmerian continent rather than to the north [Sengör, 1979] . Furthermore, the Late-Early to Middle Jurassic age of peak of metamorphism in the southeastern SSA [Fazlnia et al., 2007; Sheikholeslami et al., 2008; Alizadeh et al., 2010] , although still not well constrained, postdates closing of the Paleotethys Ocean.
Based on these considerations, we depict closure of the Paleotethys Ocean to have occurred on both south and north dipping zones (possibly, either one or the other could have acted alone), active until Late Triassic time (Figures 8a-8c ). As noted above, some models assign the SSA to a different overall paleogeographic realm than terrains farther north (Central Iran, Alborz Mountains, etc.), in part due to the presence of the inner belt ophiolites [e.g., Sengör et al., 1993; Alavi, 1994; Shafaii Moghadam and Stern, 2011] . In contrast, we consider the SSA as the southern margin of a relatively coherent microcontinent, or continental ribbon, that was disrupted by rifting that led to the formation of the inner belt ophiolites, restricted to mid-Cretaceous time.
Patterns of Subsidence and Uplift Since the Permian
The position of the Earth's surface relative to mean sea level through geologic time is recorded in shallow marine deposits, and by that principle, such sedimentary rocks tell us when a given continental location was near sea level [England and Molnar, 1990] . The Permian and Triassic were a time of major subsidence for the SSA. The observed thickening of the Permian and Triassic sections toward the Zagros suture, and the relatively thick, conformable sedimentation during this time along the "axis" of the basin constitutes compelling evidence that these sequences represent facing passive margins along the flanks of the Neotethys Ocean (Figures 6 and 8) . This hypothesis is supported by the fact that lower Permian sections in the SSA are dominated by nonmarine siliciclastic sedimentation accompanied by bimodal volcanics and diabase sills, and the mid-Permian through Triassic sections are predominantly marine, suggesting a transition from active continental rifting to drift subsidence occurred in mid-Permian time (Figures 5, 6 , and 11). Local subaerial exposure in the Late Permian, suggested by karstification of the platform carbonates and formation of laterites [Eftekharnezhad, 2004] , may indicate exposure along a flexurally uplifted rift shoulder. Wholesale emergence, however, took place in the Late Triassic, as evidenced by the regional unconformity at the base of the Shemshak Formation, as well as its predominantly continental depositional environment.
The Jurassic was a time of magmatic arc construction, diversification of sedimentary basins, and formation of deep troughs that accommodated thick sequences ranging from continental deposits to marine, volcanicrich flysch and carbonates, all unconformably overlain by Barremian-Aptian Orbitolina-bearing limestones (Figures 3 and 5) . In addition to radiometric ages on igneous bodies, the stratigraphic transition beginning near the base of the Jurassic, when widespread calc-alkaline volcanism and volcaniclastic sedimentation began to predominate in the SSA, is the primary signature of the transition from passive margin sedimentation to the development of a Japan-type or Andean-type magmatic arc (Figures 5, 10, and 11) . After the Permian and probable Triassic rift-related crustal thinning, Jurassic calc-alkaline volcanism and the associated magmatic underplating (1) thickened the crust from top and bottom and (2) reestablished normal continental crustal thicknesses, as indicated by the chemistry of the granitoids [e.g., Fazlnia et al., 2007; Esna-Ashari et al., 2012] . It is not yet clear what the state of stress was within the calc-alkaline arc during most of its development, except as mentioned above there was a profound arc-normal crustal shortening event prior to mid-Cretaceous marine sedimentation. Shallow marine conditions prevailed in the belt through most of the Cretaceous, and the extensive platform carbonates of this period register the last regional submergence of the belt.
The Paleocene was a time of continental erosion, with relatively emergent conditions that led to the widespread deposition of nonmarine conglomeratic deposits. Surface uplift of the SSA continued in the Eocene with limited marine encroachment mostly affecting the borders. Local outcrops of nummulitic limestones within mainly continental sedimentary and volcanic deposits fringing the SSA imply emergence as elongate islands or an archipelago. Such a pattern of partial uplift was sustained until the early Miocene. Deposition of the marine Qom Formation occurred on the still-subsiding northeastern border of the SSA, and in the waning Neotethyan trench to the southwest. Surface uplift which started in Late Cretaceous-early Paleocene time did not result in highly elevated terrain until after deposition of the Qom Formation in post Early Miocene time (~20 Ma), presumably resulting from syncollisional crustal thickening. Buoyancy of the thickened lithosphere in Paleogene time may have been mitigated or counteracted by continental extension, such as that identified in the Golpaygan and Mahallat regions [Verdel et al., 2007 [Verdel et al., , 2013 , perhaps driven by thermal weakening of the lithosphere in the wake of the Palegene plutonism in the NW part of the SSA (Table 2 and Figure 6 ).
The sluggish Paleogene uplift was suddenly accelerated at~20 Ma due to collisional underthrusting of the Arabian continent [e.g., McQuarrie et al., 2003; Paul et al., 2010; Mouthereau, 2011] . This is also the time of the first arrival of SSA-derived detritus on the nearby foreland basins in the High Zagros [e.g., Fakhari et al., 2008] . Although the Qom Formation marks a maximum age for the time of wholesale uplift above sea level, two limitations exist: (1) the long time span (~18 Myr) from the Oligocene to Early Miocene for the ages of the unit and (2) the rarity of any Tertiary marine deposits in the axial part of the SSA, possibly indicating that at least parts of it were well above sea level before Qom deposition.
Hypothesis of a Two-Part Sanandaj-Sirjan Zone and Its Validity
Some geologists have subdivided the SSA into two parts along its strike (northwest and southeast), with a boundary near the latitude of Golpaygan, based on putative differences in their tectonic, metamorphic, and plutonic histories [e.g., Ghasemi and Talbot, 2006; Arfania and Shahriari, 2009] . The assumption of segmentation of the SSA started with the definition of a "Hamadan-Urumieh subzone" [Huber and Eftekharnezhad, 1977] [Eftekharnezhad, 1981] . As noted earlier the timing of the granitic magmatism and metamorphism is mostly older than originally supposed (Jurassic-Early Cretaceous with only local continuation in the Late Cretaceous-Paleocene; Tables 2  and 3 ; Figures 7 and 9) . We concur that the Hamadan-Urumieh subzone is a rapidly subsiding extensional trough, but in the context of renewed rifting, perhaps driven by the initiation of the postcollision subduction system (Figure 6c) [e.g., Gurnis et al., 2004] . In any event, parts of the SSA southeast of Golpaygan are not fundamentally different from the Hamadan-Urumieh segment, because the entire SSA is characterized by rapidly subsiding Jurassic-Cretaceous basins where subduction-related volcanic rocks are extensively interlayered with thick sequences of marine and continental sediments (Figure 5 ), possibly in an overall rifting environment. Jurassic granitoids are also numerous in the southeastern SSA and, as is the case to the northwest, locally constitute large batholiths. The Jurassic plutons with U-Pb zircon emplacement ages in the proposed southeastern segment include the Kolah Ghazi [Chiu et al., 2013] , Qori [Fazlnia et al., 2009] , Chah Dozdan and Chah Bazargan [Fazlnia et al., 2007 [Fazlnia et al., , 2013 , Siahkuh [Arvin et al., 2007] , and Sargaz [Chiu et al., 2013] complexes. The Jian granite in the Abadeh region also has a suggested Jurassic age [Shahidi, 2000] but has not yet been dated. Although there is no clear distinction between the northwestern and southeastern parts of the SSA with regard to the main Jurassic magmatic episode, the northwesternmost part is distinguishable from the remainder of the SSA because of magmatism in Cretaceous-Paleogene times.
Another basis for subdividing the SSA has been variations in timing of deformation and metamorphism: Late Cretaceous in the northwestern part versus Middle to Late Triassic in the southeastern part [Ghasemi and Talbot, 2006] . This suggestion is not supported by (1) the three independent metamorphic episodes that occurred in the southeast (Table 1) [e.g., Berberian, 1977] , (2) extensive metamorphism of strata of Jurassic age [Watters et al., 1970; Mousivand et al., 2011] , and (3) the abundance of Jurassic batholiths mentioned above. In addition, tectonic deformation and metamorphism have occurred in multiple episodes everywhere in the belt, and both NW and SE segments contain examples of metamorphism in both Jurassic and Late Cretaceous time Berberian and King, 1981; Mohajjel and Fergusson, 2000] .
Neotethyan Arc Magmatism: Spatiotemporal Evolution and Implications for Metamorphism
The SSA is dominated by relatively uniform shallow carbonate shelf/ramp sedimentary environments of Permain and Triassic age with possible local basaltic or bimodal magmatism, suggestive of an Atlantic-type continental margin (Figure 11 ). Near the Triassic-Jurassic boundary (~200 Ma), the system changed markedly, to a rift (?) basin system containing diverse sedimentary environments dominated by thick, calc-alkaline volcanosedimentary sequences, variably spanning Jurassic and Lower Cretaceous time. At present, most of these sections are well dated paleontologically [e.g., Aghanabati, 2014] . U-Pb zircon dates that constrain depositional age of the Jurassic strata, and geochemical data on the volcanics, are few, but in conjunction with paleontological ages, they are nonetheless sufficient to support the general conclusion that the system makes a transition from a mature (circa 80-100 Myr old) passive margin to a nascent magmatic arc near the beginning of Jurassic time (Figures 5 and 11 ).
Existing radiometric ages for the Jurassic volcano-sedimentary succession are sparse but have been determined for metamorphosed felsic volcaniclastic sediments or lavas between Abadeh and Sirjan (Tables 1 and  3 and Figure 7 ). These include the detrital zircon age of 191 ± 12 Ma from the Surian metamorphic complex to the east of Abadeh, mentioned above [Mousivand et al., 2012] , and two ages for magmatic zircons in metarhyodacites from the Chah Gaz metamorphic complex to the NE of Neyriz, with a mean age of 174 ± 1.2 Ma [Mousivand et al., 2011] . Because the dated volcanics have evolved compositions, they probably represent a mature stage in the history of the arc. In the well-studied modern arcs, such as the Izu-Bonin-Mariana arc, a time lag of~10 Myr has been documented to exist between the initial decompression melting of the mantle and to form the first MORB-like (i.e., primitive or boninitic) arc basalts, and normal, andesitic arc magmatism [Ishizuka et al., 2011] . Accordingly, we suggest that the voluminous MORB-like arc basalts in Sirjan-Hajiabad-Jiroft area [Sabzehei et al., 1994; Monsef et al., 2010] could have erupted as early as latest Triassic-Early Jurassic time. We interpret the Sargaz (175 Ma) [Chiu et al., 2013] and the Siahkuh granitic batholiths [Arvin et al., 2007] in this same area as more evolved products of the mature arc magmatic stage.
Consideration of the remarkably continuous geographic distribution of the arc plutons (Figure 7 ) bears strongly on previous concepts of the origin of these magmas that require reappraisal. First, after initiation of the arc, the plutonic belt occupied a strike length of at least 1200 km along the arc, from the Qorveh area (Figures 7 and 9 ). Jurassic plutonism also occurs in the southeastern tail of the SSA in the Makran [Hunziker et al., 2015] . This observation contrasts with a previous view that the Jurassic plutonic belt (i.e., Alvand-like granitoids) is restricted to the northwestern half of the SSA (Figure 6 ) [e.g., Eftekharnezhad, 1981; Mohajjel and Fergusson, 2014] .
A second key point in regard to the distribution of plutons is that the transformation from passive margin to arc did not occur simultaneously along the entire length of the SSA. Indeed, for the arc segment northwest of the Qorveh area, the transformation appears not to have been recorded until the Early Cretaceous (Figure 7) . The rarity of the Cretaceous plutons along the Qorveh-Jiroft segment of the belt has been interpreted as the result of inland migration of the arc by slab flattening [e.g., Verdel et al., 2011] . We thus interpret the cessation of arc magmatism in the Cretaceous between Qorveh and Jiroft to reflect slab segmentation, where the slab flattens to the SW while maintaining a "normal" dip beneath areas to the NE where magmatism continued well into the Cretaceous [e.g., Asnaashary et al., 2009] .
A third significant outcome of this reappraisal is to emphasize that previously unknown Paleogene arc activity in the northwestern SSA between Qorveh and Khoy extends to the NW into Iraq (Table 2 and Figures 7 and 9) . This raises the question of how Paleogene arc activity in the SSA is to be explained if the Urumieh-Dokhtar (UDA in Figure 10 ) arc to the north was operating at the same time. Two obvious possibilities include the following: (1) the slab retained its initial steep dip angle in this northwestern segment. This explanation is supported by the conspicuous scarcity of Paleogene arc rocks in the neighboring segment in the UrumiehDokhtar zone [e.g., Stöcklin and Nabavi, 1973] . Or (2) a change in slab dip along strike, with a flattened segment resulting in weak magmatism in the UDA, and a steep segment under the SSA to explain the local renewal of magmatic activity during this period [Whitechurch et al., 2013; Ali et al., 2013] .
The metamorphic history is still the least investigated aspect of the SSA, and as the data summarized in Table 1 shows that the ages of both protoliths and metamorphic events for most complexes are in dispute. However, the age of plutonic events are well constrained in most cases and can be used for setting reasonable limits on the timing of at least the high-T, low-P regional metamorphism, as the magmatic intrusions bring heat up to midcrustal and shallower environments. Early to Middle Jurassic plutonism is the obvious primary source of heat for increasing average crustal temperature. The occurrence of the Jurassic batholiths around the metamorphic complexes in the Qorveh-Aligoodarz and the Neyriz-Sirjan-Hajiabad-Jiroft sections is a strong argument in support of Jurassic metamorphism, although applying modern techniques (such as U-Th-Pb dating of monazites in metapelites) is still necessary for each specific metamorphic complex. In the northwest, where Cretaceous and Paleocene plutonism was significant, younger ages for the latest regional metamorphism are perhaps expected. Indeed, Tertiary metamorphism related to coeval batholith emplacement has been documented using U-Th-Pb dating of monazite in garnet metapelites in the Sursat complex [Jamshidi Badr et al., 2012] .
Summary
The SSA marks the southwestern edge of a continental ribbon within the otherwise oceanic Neotethyan subduction system in Iran. It records the Permian breakup of Gondwanaland, the Permian-Triassic drift history of the Cimmerian continent, latest Triassic/Early Jurassic subduction initiation, and the Jurassic through Paleogene propagation of arc magmatism along the southern margin of Eurasia (Figures 10c and 11) . The stratigraphic record reviewed in this paper suggests that the pre-Permian substrate in the SSA includes both Pan-African basement and Paleozoic cratonic sedimentary cover, similar to relations in Central Iran and Arabia. Collectively, they support a pre-Permian paleogeography where all of the various tectonostratigraphic terrains in the modern Iranian collage were derived from a physically continguous region along the northern flank of Gondwanaland. Continental rifting was part of the larger-scale Pangea breakup process, which took place in Late Carboniferous-Early Permian times in Iran, based on timing of emplacement of riftrelated granites in Khalifan and Hassan Robat, and extensional deformation preserved in the High Zagros south of the MZT suture. Between what is now the High Zagros and the SSA, the Neotethys Ocean opened, resulting in deposition of two continental margin terrace wedges facing each other during Permian-Triassic time, while the SSA drifted relatively northward. In this period, the Zagros was entirely amagmatic. The SSA experienced some magmatic activity during this time, which remains obscure in terms of magma chemistry, and temporal and spatial dimensions. Metamorphism of the Paleozoic-Mesozoic cover rocks is generally subgreenschist to low greenschist facies but locally increases to Buchan-type amphibolite facies near Jurassic to Paleocene batholiths. Barrovian-type metamorphism is restricted to fault-bounded basement blocks exhumed either by extensional detachment within the SSA or thrust uplift near the MZT. Most of these fault-bound blocks are traditionally assumed to consist of early or middle Paleozoic age rocks based on lithological correlation with known, unmetamorphosed formations elsewhere, or on the basis of K-Ar dating. However, protolith ages in carefully investigated examples thus far have turned out to be Precambrian. High-pressure metamorphism is highly localized and is either of likely Pan-African age or associated with the ophiolitic slivers.
Initiation of subduction along the northern margin of the Neotethys occurred in Early Jurassic-or perhaps latest Triassic-based on the age of deposition of thick volcanosedimentary strata and emplacement of calc-alkaline magmas in the SSA, following the closure of the Paleotethys Ocean in northern Iran by the Late Triassic. Arc volcanics in the SSA have received less attention for geochemical and geochronological research than the plutons, mostly due to their alteration or metamorphism. However, there is a growing database on the timing of arc plutonism, and existing U-Pb zircon ages show a strong frequency peak near 170 Ma (Middle Jurassic). Arc magmatism continued in the Cretaceous and generated volcanics, mostly near the NW and SE extremes of the SSA, which by then had transformed into a full-fledged~2000 km long arc. Cretaceous plutons are, however, more concentrated in the northwestern part where Paleocene-Eocene magmatism is also common. If arc magmatism in the Urumieh-Dokhtar zone was the result of inland migration of the arc by slab flattening in the Cretaceous, then the Paleogene arc activity in the northwestern SSA and NE Iraq may have required the formation of a second subduction zone SW of the flat slab segment.
Ophiolites discontinuously mark the SSA borders, forming "outer" and "inner" belts, on the basis of their position (SW versus NE) and the nature of their original oceans (long-lived versus short-lived). Even through igneous components in both belts are predominantly Late Cretaceous (99 to 93 Ma), the oceanic sediments in the outer belt (Zagros) ophiolites record a Triassic to Cretaceous history similar to that of the Oman ophiolite, suggesting formation in a long-lived ocean basin. In contrast, sediments associated with the inner belt (Khoy and Dehshir-Baft) ophiolites indicate sedimentary environments in small ocean basins created by short-lived fragmentation of the Cimmerian continental ribbon.
Based on the data and interpretations presented above, it appears that the SSA does indeed document the fact that an ancient passive margin, albeit on a relatively narrow (approximately 500-1000 km) continental ribbon, may indeed transform directly into an Andean-or Japan-type magmatic arc, a process generally deemed unlikely to occur on the basis of physical modeling [Gurnis et al., 2004] . Despite this physical improbability, "direct" conversion is the only simple way that these margins can form. Such conversions appear to have occurred not only in the Mesozoic Neotethys Ocean as proposed here but also along various circumPacific continental margins over the last 500 Ma. Indeed, based on our own review of the geologic record of the SSA, the early Mesozoic transition from passive margin to arc along the northern margin of the central Neotethys Ocean may well merit priority for more detailed study. It appears to be an archetypal natural example of a pivotal stage in the Wilson Cycle that is elsewhere poorly preserved. 
